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(54) Integrated circuit package 

(57) An integrated circuit package for housing an 
integrated circuit (IC) chip and providing electrical con- 
nectivity of data signals and voltage signals between 
the IC chip and an electronic component includes a sub- 
strate, an IC chip affixed to the substrate and at least 
three conductive layers on the substrate. The three con- 
ductive layers include at least a first voltage layer adja- 
cent to the substrate for providing a first reference 
voltage signal (i.e., ground) to the IC chip, a second volt- 
age layer for providing a second reference voltage sig- 
nal (i.e., power) to the IC chip, and a signal layer. To 
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maximize speed and minimize complexing ail of the 
data signals to the IC chip are routed on the signal layer. 
The power and ground layers are closely coupled and 
separated by a dielectric layer having a relatively high 
dielectric constant for providing significant decoupling 
capacitance. A low dielearic layer is provided for sepa- 
rating the power layer from the signal layer. A plurality of 
electrical connections interconnect tending pads on the 
IC chip with the electronic component (e.g.. a RGB) by 
way of at least one of the conductive layers. 
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Description 

This is a continuation of Serial Number 08/323,985. 
filedOctober17, 1994. 

RELO OF THE INVENTION 

The present invention relates to integrated circuit 
packages, and more particularly, to a high performance 
package for an integrated circuit. 

BACKGROUND OF THE INVENTION 

The function of an integrated circuit package Is to 
provide protection of the circuit, distribute power and 
signals, and dissipate heat. Rapid advances in semi- 
conductor technology have out paced developments in 
semiconductor packaging techniques. Specifically, 
increases in the number of signal and power connec- 
tions on integrated circuits, larger chip sizes, increased 
power consumption and higher operating frequencies 
strain the ability of traditional semiconductor packages 
to provide reliable, cost-effective performance. While 
some recent advances in packaging technologies have 
begun to address some of the needs of higher perform- 
ance integrated circuits, improved packaging technolo- 
gies are still needed to allow high I/O count and 
increased density integrated circuits to perform to levels 
intended by their designers. 

Packaging technologies, such as thin quad fiat 
packs (TQFPs). ball grid arrays (BGAs). tape auto- 
mated bonding (TAB), ultra-thin packages, bare chips or 
chip-on-board (COB), flip-chip assemblies and multi- 
chip modules (MCMs) are now being developed and 
improved to address performance issues. 

in a BGA, in lieu of package pins, an array of solder 
balls is located on the bottom of a substrate. BGAs per- 
mit higher I/O counts without requiring the fine line 
printed wiring boards required for perpherally leaded 
packages. BGA yields are typically higher than those for 
fine-pitch packages, since they have more space 
between contacts. Further, BGA packages will with- 
stand some degree of mishandling without damaging 
the leads, whereas fine lead parts must be handled with 
care before soldering so that the leads are not bent or 
broken. Thus, BGAs can provide as good as, if not bet- 
ter cost per pin than QFPs. Other benefits of BGAs are 
that they provide short trace lengths between the pack- 
age and the printed circuit board (RGB), which reduces 
signal inductance, and they have a lower profile and a 
smaller package than QFPs. which allows for more 
parts to be placed on a board The small size also 
means shorter distances between parts, again reducing 
signal delays. Moreover, since BGAs have large chan- 
nels between pads, more signals can be routed on the 
circuit board. 

In addition to electrical requirements, heat dissipa- 
tion is a key factor in designing a semiconductor pack- 
age, especially since integrated circuit devices are now 



often used in areas which have little of no airflow. Typi- 
cally, heat dissipation has been provided through 
increased airflow (e.g., via fans) and through the use of 
cooling systems. Techniques for heat dissipation 
5 include liquid-cooling techniques, refrigeration, and 
immersion. However, these techniques are often expen- 
sive and impractical for an IC package. A ceramic pack- 
age is able to handle higher wattages than a plastic 
package, but ceramic generally is both more expensive 
10 and more fragile than plastic. In order to increase heat 
dissipation in plastic packages, some packages provide 
thermal vias and heat spreaders between pads. Since 
the space between pads in BGAs is relatively large, 
thermal vias can be placed directly under the chip. 
15 The performance of a package is a function of how 
many I/O it can provide the integrated circuit, how low 
the inductance of the signal arKi power distribution 
paths, and how well the package removes heat. The 
cost of a packaging solution is a function of ttie cost of 
2G the package, the assembly process and the cost of pre- 
paring the integrated circuit for the type of assembly. 

BGA packages have been constructed using plas- 
tic, ceramic, and thin film redistribution on top of plastic 
and ceramic. In the most common case, an integrated 
25 circuit is wire bonded to a plastic or ceramic substrate. 
The die is fece up, with its back side bonded to the sub- 
strate. On the opposite side of the substrate are the sol- 
der balls. Wire bonds are then run from the top of the die 
and fanned out to the substrate. If thin film redistribution 
30 is used, the number of wire bonds can be greater and 
the length somewhat short because the ^n out is done 
in the thin film. While the increase in the number of I/O 
and the reduced wire bond length is beneficial, the wire 
bonds are still longer than is desirable because the die 
35 bonding surface is as high as 25 mils above the sub- 
strate. This leads to minimum wire bond length of 
approximately 50 mils with the distance to power and 
ground still further due to the path traveled in the thin 
film to a power/ground via. /Vdditionally, the thermal patti 
40 is through the substrate with this configuration and Is 
unsatisfactory for high performance Integrated circuits. 
Thermal vias can be added to the substrate to margin- 
ally improve the heat transfer, but the heat flow is still 
limited by the printed wiring board. Using thin film redis- 
45 tribution also adds significant cost to the package. 

Plastic packages with heat slugs and ceramic pack- 
ages have been used with cavities where the die is 
bonded in the cavity and the package is configured in a 
cavity down arrangement. To handle medium to high I/O 
50 counts in this configuration multiple signal bonding 
shelves are built into the package. While these pack- 
ages represent an impr-ovement in thermal performance 
over the ones above the requirement of multiple bond- 
ing rows significantly increase the wire bond length. 
55 Lengths of 150 mils are common. This wire length 
increases the inductance of the signal and power distri- 
bution limiting the frequency of operation, the number of 
1/0 that can be switched simultaneously on the inte- 
grated circuit, and hence limits the performance of the 
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integrated circuit. 

Flip chip die attach has been used with the tnin film 
redistribjtion packages above greatly improving the 
number of I/O connections. However, cost for the addi- 
tional metallurgy on the integrated circuit, lack of infra- 
structure for integrated circuits or this type of assembly 
and the requiremerrts for adding a metal lid on the pack- 
age make this method currently cost prohibitive. 

Another drawt>ack of ceramic packages is that the 
coefficient of thermal expansion (CTE) of ceramic is 
very different from the CTE of the printed circuit board 
(PCB). such as a typical FR-4 board. Mismatches in 
CTE can cause stress on solder joints and wire bonds, 
resulting in poor reliability. 

Semiconductor packages are subjected to high 
temperatures during processing, testing and soldering. 
Accordingly, it is important that the package be able to 
withstand high temperatures without inhibiting or 
degrading electrical performance. Water or moisture in 
a package can cause a breakdown in package electrical 
performance. Thus, care must be exercised during 
processing to prevent moisture absorption during 
processing. 

It would be desirable to provide an integrated circuit 
package which allows an integrated circuit to operate at 
the performance level intended by the circuit designer. It 
would further be desirable to provide such a package 
which is both very reliable, easy to handle and is capa- 
ble of dissipating thermal energy generated by an inte- 
grated circuit operating at a high frequency. It would 
further be desirable to provide a package that does not 
require the modification of metallurgies or the addition 
of metal layers to standard semiconductors. It would fur- 
ther be desirable to provide a package that can utilize 
the existing wire bond assembly infrastructure. It would 
also be desirable to provide such an integrated circuit 
package which absort)s less moisture during fabrica- 
tion. 

SUMMARY OF THE INVENTION 

Briefly stated, the present invention is directed to a 
package for an integrated circuit chip which provides a 
number of improved operating properties over presently 
available packages. The package of the present inven- 
tion provides: high density wiring and via formation; 
close coupled power and ground layers; a single con- 
ductive layer through which all data signals are routed; 
short wire bond lengths; very little moisture absorption; 
and good heat dissipation characteristics The proper- 
ties of the present invention are achieved through the 
use of a unique combination of materials and structure 
in layered relation 

In its basic form, the integrated circuit package of 
the present invention houses an integrated circuit chip 
and provides electrical connectivity of data signals and 
voltage signals between the integrated circuit chip and 
an electronic component, such as a printed circuit 
board. The package comprises a carrier substrate hav- 



ing a first surface including a die attach region and a sig- 
nal layer region. An integrated circuit chip having a 
plurality o* bonding pads is affixed to the die attach 
region of the substrate. The package has at least three 
5 conductive layers on the signal layer region of the sub- 
strate for conducting electrical signals. The conductive 
layers comprises a signal layer for routing all of the data 
signals and at least a first voltage layer tor providing a 
first reference voltage signal to the integrated circuit 
70 chip and a second voltage layer for providing a second 
reference voltage signal to the integrated circuit chip. A 
plurality of dielectric layers separate the conductive lay- 
ers from each other and a plurality of electrical connec- 
tions interconnect the chip bonding pads with the 
75 electronic component by way of at least one of the con- 
ductive layers for conducting electrical signals therebe- 
tween. 

In a preferred embodiment, the integrated circuit 
package of the present invention comprises a carrier 
20 substrate having a first surface including a die attach 
region, a signal layer region arxJ an outer perimeter. An 
integrated circuit chip having a plurality of bonding pads 
is affixed to the die attach region of the substrate. Again, 
at least three conductive layers are affixed, in layered 

25 relation to one another, on the signal layer region of the 
substrate for conducting electrical signals. The conduc- 
tive layers comprise a signal layer and at least a first 
voltage layer for providing a first reference voltage sig- 
nal to the integrated circuit chip and a second voltage 

30 layer for providing a second reference voltage signal to 
the integrated circuit chip, wherein all of the data signals 
are routed on the signal layer. The first and second volt- 
age layers comprise power and ground layers. The 
power and ground layers are closely coupled to provide 

35 low power to distribution impedance. A plurality of die- 
lectric layers are provided for separating the conductive 
layers from each other and a pluralrty of wire bonds 
interconnect the chip bonding pads with the signal layer 
for conducting electrical signals therebetween. An 

4c encapsulant may be formed around the integrated cir- 
cuit chip and the wire bonds to encapsulate the inte- 
grated circuit chip and the wire bonds. A first plurality of 
interconnect vias between the signal layer and the volt- 
age layers provide electrical connectivity between the 

45 voltage layers and the signal layer located adjacent to 
the integrated circuit chip and a plurality of package 
leads electrically connected to the signal layer provide 
electrical connectivity between the electronic compo- 
nent and the package. A second plurality of intercon- 

sc nect vias between the signal layer and the voltage 
layers provide electrical connectivity between the pack- 
age leads and the first and second voltage layers, and 
are located proximate to the outer perimeter of the sub- 
strate. 

55 In another preferred embodiment of the present 
invention, the integrated circuit package comprises a 
carrier substrate having a first surface including a die 
attach region and a signal layer region An integrated 
circuit chip is affixed to the die attach region, the inte- 
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grated circuit chip including a plurality of bonding pads. 
At least three conductive layers on the signal layer 
region of the substrate are provided for conducting elec- 
trical signals, the conductive layers comprising at least a 
first voltage layer adjacent to the substrate for providing 5 
a first reference voltage signal to the integrated circuit 
chip, a second voltage layer tor providing a second ref- 
erence voltage signal to the Integrated circuit chip, and 
a signal layer, wherein all of the data signals are routed 
on the signal layer. A plurality of dielectric layers are w 
provided for separating the conductive layers from each 
other, wherein the dielectric layer separating the second 
voltage layer and the signal layer comprises cyanate 
ester impregnated expanded polytetrafluoroethylene. A 
plurality of electrical connections are provided for inter- 15 
connecting the chip bonding pads with the electronic 
component by way of at least one of the conductive lay- 
ers for conducting electrical signals therebetween. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

The foregoing summary, as well as the following 
detailed description of preferred embodiments of the 
invention, will be better understood when read in con- 
junction with the appended drawings. For the purpose 2S 
of illustrating the invention, there is shown in the draw- 
ings embodiments which are presently preferred. It 
should be understood, however, that the invention is not 
limited to the precise arrangements and instrumentali- 
ties shown. In the drawings: 30 

Fig. 1 is an enlarged aoss-section view of an inte- 
grated circuit package in accordance the present 
invention; 

Fig. 2 is a greatly enlarged, cross-section view of a 35 
portion of an integrated circuit package having 
three conductive layers in accordance with the 
present invention; 

Fig. 3 is a greatly enlarged, broken-away cross-sec- 
tion view of a portion of the integrated circuit pack- 40 
age of Rg. 1 having three conductive layers in 
accordance with the present invention; 
Rg. 4 is an enlarged cross-section view of an inte- 
grated circuit package including a stiff ener ring in 
accordance the present invention; 45 
Rg. 5 is a greatly enlarged, broken-away cross-sec- 
tion view of a portion of the integrated circuit pack- 
age of Fig. 4 having three conductive layers; 
Fig. 6 is a greatly enlarged, broken-away cross-sec- 
tion view of a portion of the integrated circuit pack- so 
age of Fig. 4 having four conductive layers; 
Fig. 7 is a greatly enlarged, broken-away cross-sec- 
tion view of a portion of the integrated circuit pack- 
age of Fig. 1 in accordance with the present 
invention; 55 
Fig. 8 is an enlarged cross-section view of a land 
grid array carrier; and 

Fig. 9 is a cross-section view with a substrate larger 
than the circuit area. 



DETAILED DESCRIPTION OF THE INVENTION 

Certain terminology is used in the following descrip- 
tion for convenience only and is not limiting. The words 
Inwardly" and "outwardly" refer to directions towards 
and away from, respectively, the geometric center of the 
integrated circuit package and designated parts thereof. 
The words "upper" and lower" refer to directions on 
opposing sides of the package and designated parts 
thereof. The terminology includes the words specifically 
mentioned, derivatives thereof and words of similar 
import. 

Note also, for simplicity and clarity, elements shown 
in the Figs, are not necessarily drawn to scale. For 
example, the dimensions of some of the elements are 
exaggerated relative to each other for clarity. 

Although integrated circuit packages are known 
and have been used for many years, no known inte- 
grated circuit packages have used the unique combina- 
tion of materials and features employed in the present 
invention. The preferred embodiments of the present 
invention combine a polytetrafluoroethylene (PTFE) 
composite dielectric layer with electrically conductive 
power, ground, and signal layers. This combination has 
been found to yield surprisingly good results for provid- 
ing an integrated circuit package which absorbs less 
water, allows for closely coupled power and ground lay- 
ers, and allows for the implementation of high density 
wiring and via formation. Further, by limiting routing of 
all data signals to a single layer and providing separate 
layers for power and ground, the package exhibits 
excellent electrical characteristics. Thermal spreading 
is accomplished by providing a thermal spreader 
attached to a substrate of the package. Other improve- 
ments over known semiconductor packages will also 
become apparent from the description of the present 
invention provided below. 

Referring now to the drawings in detail, wherein like 
numerals indicate like elements throughout, there is 
shown a presently preferred embodiment of an inte- 
grated circuit package, indicated generally at 10. The 
package 10 houses an integrated circuit chip 22 and 
provides electrical connectivity of data signals and volt- 
age signals between the chip 22 and an electronic com- 
ponent. The electronic component is typically a printed 
circuit board (RGB) populated with a plurality of other 
electronic devices. 

The package 10 comprises a carrier substrate 14 
having a first surface 1 6 including a die attach region 18 
and a signal layer region 20. Suitable substrate materi- 
als may be a rigid substrate or a flexible film, such as is 
normally used and known by those of ordinary skill in 
the art. For example, substrate materials such as 
ceramic, silicon, silicon dioxide, metal, or reinforced 
plastic with thermal vias (e.g., glass reinforced epoxy. 
glass reinforced polyimide. glass reinforced polyester, 
glass reinforced PTFE, polyimide. polyester, and other 
high temperature thermoplastics, alone or in conjunc- 
tion with glass or other reinforcing materials or metal 
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cladding) maybe used. Other material properties for the 
substrate 14 will be discussec in greater detail below. 

The integrated circuit chip 22 is affixed to the die 
attach region 18 of the substrate 14. A variety of IC 
chips 22 may be used with the package 10 of the 5 
present invention, although the package 10 is more spe- 
crficaily directed for use with high performance IC chips 
which irKlude a plurality of bonding pads 24 for electri- 
cally connecting the chip 22 to the package 10. such as 
full-custom application specific integrated circuits ic 
(ASICs), semi-custom ASICs and other high perform- 
ance IC chips. The types of IC chip 22 is generally of the 
type which comprises a die cut from a silicon wafer. This 
type of IC chip 22 is generally well known to those of 
ordinary skill in the art. is 

Generally, the die attach region 18 is centrally 
located on the first surface 1 6 of the substrate 1 4 and is 
surrounded by the signal layer region 20. As shown in 
Fig. 1, in a preferred embodiment of the present inven- 
tion, the die attach region 18 comprises a cavity 20 
recessed in the first surface 16 of the substrate 14. The 
cavity is very precisely cut or formed in the substrate 14 
by molding, photo-etching, or routing, and is sized to be 
only very slightly (20-50 mils) larger or oversized than 
the chip 22 so that electrical interconnects between the 25 
chip 22 bonding pads 24 and the signal layer region 20 
are of minimal length. An alternate method of forming 
the cavity is to form it in the stiffener ring 54 by photo- 
etching routing or punching and then bonding the ring to 
the substrate 14 to form the cavity. The chip 22 is also 30 
very precisely aligned and placed within the cavity 
before being affixed to the die attach region 18. The 
package 10 is not limited to any particular size chip 22, 
and can be constructed to house chips which range in 
size, for instance, from 5 mm to 20 mm square. 35 
Although many chips are square, it will be apparent to 
those of ordinary skill in the art that differently shaped 
chips can also be housed in the package 10 of the 
present invention. 

The chip 22 is affixed to the die attach region 1 9 so 40 
that the chip 22 is mechanically secure and will not 
move or come loose, which could cause damage to the 
electrical connections between the chip 22 and the 
package 1 0. A die attach adhesive 26, such as a con- 
ductive liquid epoxy can be used to affix the chip 22 to 45 
the die attach region 1 8, as is known by those of ordi- 
nary skill in the art or other die bond methods can be 
used to attach the chip 22 to the substrate 14. However, 
in the presently preferred embodiment of the Invention, 
the die attach adhesive 26 is a thermally and electrically sc 
conductive thermoplastic adhesive, such as Staystik^" 
available from Alpha Metals Co. of Jersey City New Jer- 
sey Conductive adhesives have conductive particles 
suspenoed in the adhesive. A thermoplastic adhesive Is 
used because, while the adhesive me:ts. it is viscous. 55 
and therefore, it does not flow out and around the chip 
22 and cover tne chip bond pads 24 Other thermoplas- 
tic adhesives which can be used to secure the chip 22 
to the substrate 14 are disclosed in U.S. Patent Applica- 



tion Serial No. 08/196.048 filed February 14. 1994. 
which is incorporated herein by reference. Thus, by 
attaching the chip 22 within a precisely formed and 
sized cavity within the substrate 14. the lengths of inter- 
connects between the chip bond pads 24 and the pack- 
age 10 are minimized. 

Referring now to Figs. 2, 3 and 7. the package 10 
further comprises at least three conductive layers on the 
signal layer region 20 of the substrate 14 for conducting 
electrical signals. The conductive layers comprise at 
least a first voltage layer 28 for providing a first refer- 
ence voltage signal to the chip 22 and a second voltage 
layer 30 for providing a second reference voltage signal 
to the chip 22 and a signal layer 32 for providing data 
signal connectivity to the chip 22. In the presently pre- 
ferred embodiment, the first reference voltage layer 28 
is a reference ground layer or plane located adjacent 
and attached to the substrate 14 signal layer region 20 
for providing a ground signal to the chip 22. The first 
voltage layer 28 is attached to the substrate 1 4 with an 
electrically conductive thermoplastic, such as the ther- 
moplastic adhesive 26 used to attach the chip 22 to the 
substrate 14. Indeed, as shown In Fig. 2, the same 
adhesive 26 is used to attach the first voltage layer 28 to 
the substrate 14 as is used to attach the chip 22 to the 
substrate 14. Alternatively, the first voltage layer 28 can 
also be formed integral with the substrate 14 (Fig. 3) 
instead of being attached by an adhesive The first volt- 
age layer 28 is constructed of a conductive material, 
metal or metal alloy, which in the preferred embodiment 
is preferably a metal, such as, but not limited to copper, 
gold, silver, nickel, aluminum, or an alloy thereof and is 
approximately 25 - 500 microns in thickness for the ring 
thickness. These metals are preferred because of their 
superior thermal and electrical conductive properties. 
However, other conductive materials, metals and metal 
alloys known to those of ordinary skill In the art can also 
be used, such as Copper Invar Copper. 

The second voltage layer 30 comprises a plane par- 
allel to the first voltage layer 28 and in the preferred 
embodiment, provides a reference voltage level to chip 
22, such as a 3.3 V or 5 v power signal commonly used 
by integrated circuits, such as chip 22. and is con- 
structed of a conductive material, metal or metal alloy, 
which in the preferred embodiment is preferably a 
metal, such as. but not limited to copper, gold, silver, 
nickel, aluminum, or an alloy thereof and is approxi- 
mately 1 - 25 microns in thickness. The second voltage 
layer 30 (power) is closely coupled to the first voltage 
layer 28 (ground) for providing a significant level of 
decoupling capacitance of at least 0 05 nF/cm^. One 
benefit of the increased decoupling capacitance is that 
it allows for more simultaneous switching of data signals 
on the signal ayer 32 without compromising the individ- 
ual signal integrity of the data signals or requiring spe- 
cialized routing of data signals to prevent the effects of 
simultaneous switching on signal lines on the signal 
layer 32. 

The signal layer 32 comprises a conductive mate- 



5 



9 



EP0772 234A2 



10 



rial layer which lies in a plane parallel to the first and 
second voltage layers 28, 30. The signal layer 32 pro- 
vides a conductive layer for routing all of the data sig- 
nals to and from the chip 22 within the package 10. 
Similar to the other conductive layers 28. 30, the signal 5 
layer 32 Is constructed of a conductive material, metal 
or metal alloy, which in the preferred emtxxliment is 
copper or copper-nickel-gold and is approximately 1 - 
25 microns in thickness. The data signals are patterned 
on the signal layer 32 through any suitable technique, 10 
such as by subtractive. additive, semiadditive, or lift-off 
techniques. Thus, in summary the first conductive layer 
28 is the grounding layer, the second conductive layer 
30 is the supply voltage layer, and the third conductive 
layer 32 is the signal layer /5 

In an altemative preferred emt)odiment, the pack- 
age 10, as shown in Fig. 6, includes a fourth conductive 
layer 36 located between the signal layer 32 and the first 
voltage layer 28. The fourth conductive layer 36 is used 
as a third voltage layer and comprises a plane parallel to 20 
the first and second voltage layers 28, 30 and is used to 
provide a reference voltage level to chip 22, such as a 
3.3 V or 5 V power signal. This embodiment of the pack- 
age 10 is used for providing two different voltages (e.g. 
3.3 V and 5 V) to an IC chip which requires or operates 25 
using two different voltage signals in addition to ground 
The fourth conductive layer 36 is constructed of a con- 
ductive material, metal or metal alloy, which in the pre- 
ferred embodiment is a metal, such as. but not limited to 
copper, gold, silver, nickel, aluminum, or an alloy thereof 30 
and is approximately 1 - 25 microns in thickness. 

Although the remaining description of the present 
invention is generally described in reference to a three 
conductive layer package, it should be understood that 
a fourth conductive layer 36 for providing a second 35 
power signal to an IC chip or other layers may be pro- 
vided and constructed through any conventional 
method. Thus, a package 10 according to the present 
invention can have four conductive layers, in which one 
layer 28 comprises a first reference voltage layer, such 40 
as a ground plane, one layer 30 comprises a second ref- 
erence voltage layer, one layer 36 comprises a third ref- 
erence voltage layer and one layer 32 comprises a 
signal routing layer. Such a package 10 supports an IC 
chip 22 which, for instance, uses both 3.3V and 5V sig- 45 
nals and prevents or limits degraded 5V signals. 
Although current mixed voltage parts generally operate 
using both 3.3V and 5V signals, it will be apparent to 
those of ordinary skill in the art that other voltage level 
signals can be mixed and that the present invention can so 
be used to house IC chips which operate using different 
mixed voltage levels 

The package 1 0 further comprises a plurality of die- 
lectric layers for separating the conductive layers from 
each other. A first dielectric layer 38 separates the first 55 
voltage layer 28 (ground) from the second voltage layer 
30 (power). In the presently preferred embodiment, the 
first dielectric layer 38 between the first and second volt- 
age layers 28. 30 has a generally high dielectric con- 



stant, the constant being in a range from 8 to 25, for 
providing increased decoupling capacitance between 
the first and second voltage layers 28, 30. Many materi- 
als provide adequate electrical characteristics and 
material strength for the dielectric layer 38 separating 
the first and second voltage layers 28, 30. In the pres- 
ently preferred embodiment, the first dielectric layer 38 
is a fluoropolymer based material, such as a cyanate 
ester, barium titanate. or titanium dioxide filled 
©cpanded polytetrafluoroethylene (PTFE) membrane 
which ranges in thickness from approximately 12 
microns to 75 microns. Expanded PTFE is described in 
U.S. Patent No. 3,953,566 to Gore, which is incorpo- 
rated herein by reference. 

A second dielectric layer 40 separates the second 
voltage layer 30 (power) from the signal layer 32. In the 
presently preferred embodiment, the second dielectric 
layer 40 has a generally low dielectric constant, the con- 
stant being in a range from 2.5 to 3.2. for providing 
reduced time of flight on the signal layer 32. Many mate- 
rials, such as epoxy/glass, polyimide/glass, and pho- 
toimageable epoxies provide adequate electrical 
characteristics and material strength for the dielectric 
layer 40 separating the second voltage layer 30 and the 
signal layer 32. Although newly available polyimide die- 
lectrics have low coefficients of thermal expansion to 
match silicon or alumina substrate materials and low 
out-gassing and high thermal stability characteristics to 
allow for use in hermetically-sealed packages, the die- 
lectric constant of these materials Is still generally 
greater than 3.2. In the presently prefen'ed embodi- 
ment, the second dielectric layer 40 is fluoropolymer 
based material, and is preferably constructed of a 
cyanate ester filled expanded polytetrafluoroethylene 
(PTFE) membrane which has a dielectric constant of 
approximately 2.6 or a silicon dioxide filled expanded 
PTFE membrane which has a dielectric constant of 
approximately 2.9. Preferably the second dielectric layer 
40 ranges in thickness from approximately 12 microns 
to 50 microns. 

The use of PTFE dielectric layers allows the power 
and ground layers 28. 30 to be very closely coupled, 
since the PTFE can be formed into very thin layers (less 
than 5 microns), thereby providing significantly lower 
inductance bond paths compared to present peripheral 
bonded chip packages. The lower inductance allows the 
IC chip 22 to be operated at very high frequencies. As 
previously discussed, plastic packages are subject to 
moisture absorption problems. In addition, some dielec- 
tric materials are hydrophilic, requiring dehydration 
processes and other measures to ensure long term 
product reliability Since PTFE has low water absorp- 
tion, reliability problems caused by water absorption 
and retention are minimized. Moreover, the elasticity of 
the fluoropolymer-based material dielectric layers 38. 
40 allows the package 10 to accommodate mechanical 
stresses between the substrate 14 and the chip 22, 
such as pressure on the chip 22 during socketing. This 
helps to relieve some of the stress due to the difference 
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in CTE between the chip 22 (e.g., silicon) and the elec- 
tronic component (e.g.. FR-4 printed circuit boards). 
The lirst and second dielectric layers 38. 40 are lami- 
nated or similarly affixed to the first voltage layer 28 and 
the second voltage layer 30, respectively, during fabri- 5 
cation of the package 10. 

The package 10 further comprises a plurality of 
electrical connectiorrs for interconnecting the IC chip 22 
bonding pads 24 with the electronic component by way 
of at least one of the conductive layers 28. 30. 32, 36 for lo 
conducting electrical signals therebetween. In the pres- 
ently preferred embodiment, the chip bonding pads 24 
are each electrically connected to a signal layer bonding 
pad 42 on the signal layer 32 by bond wires 44. Of 
course, it will be understood by those of ordinary skill in 15 
the art that every chip bonding pad 24 might not be 
used, since it is common that some of an IC chip's pads 
are not used, or that some of the IC chip pads are used 
only as test points when testing the chip while it is still 
on the wafer to choose good die, prior to installing the 20 
chip 22 in a package, such as the package 10 of the 
present invention. The bond wires 44 are constructed of 
a highly conductive matenal. such as gold or aluminum. 
By providing very short wire lengths, the package 10 
has decreased parasitic capacitance and inductance, 25 
thereby increasing signal bandwidth. It is well known to 
those of ordinary skill in the art how to wire bond from a 
chip pad to a signal layer pad. accordingly, this process 
will not be described in further detail herein. 

The signal layer bonding pads 42 on the signal 30 
layer 32 are connected to signal traces on the signal 
layer 32 or, for power and ground signals, the signal 
layer bonding pad 42 is connected to either the second 
voltage layer 30 or the first voltage layer 28. respec- 
tively by vias 46 extending between the signal layer 28 35 
and the second voltage layer 30 and vias 48 between 
the second voltage layer 30 and the first voltage layer 
28. The vias 46. 48 used to interconnect the conductive 
layers 28, 30, 32 are approximately 25 microns in diam- 
eter. By providing vias 46. 48 of such a diameter allows 40 
for very high density routing of signals on the signal 
layer 32. Because the package 10 provides for very 
short bond wires 44, the package 10 provides signifi- 
cant performance advantages, such as reduced signal 
inductance. The wire bond inductance of the package 45 
10 is less than about 1 nH and greater than about 0.25 
nH. (Wire bond inductance was modeled using a 3D 
inductance model, e.g. PLANE^" software for 3D induct- 
ance modeling from Contec Microelectronics, Inc.). In 
addition, by providing a separate layer 32 for routing all sc 
of the data signals to/from the IC chip 22. the signal 
layer 32 allows and uses high density routing/tracing of 
data signals. Individual signal traces on the signal layer 
32 are approximately 25 microns in width and spaced 
from adjacent signal lines by approximately 25 microns. 55 
By providing for high density wiring on the signal layer 
32, the signal layer bonding pads 42 are spaced rela- 
tively close together and adjacent to the chip bonding 
pads 24. Accordingly, there is little variation between the 



pitch of the pads 24 on the IC chip 22 and the pitch of 
the paas 42 on the signal layer 32. This is an important 
factor in minimizing the length of the bond wires 44. 
which, as previously discussed, decreases signal prop- 
agation delay The conductive layers may be intercon- 
nected by vias through conventional methods. 

In the presently preferred embodiment the pack- 
age 10 further comprises an encapsulant 50, preferably 
formed over the IC chip 22. the bond wires 44 and at 
least a portion of the signal layer 32 to encapsulate the 
IC chip 22 and the bond wires 44. The encapsulant 50 
protects the IC chip 22 and the delicate tx>nd wires 44 
from physical and environmental damage. The encap- 
sulant 50 IS preferably a low modulus plastic which is 
overmolded over the IC chip 22 and the bond wires 44. 
Silicone, epoxy, silicone-epoxy resins and similar mate- 
rials can be used and are known by those of ordinary 
skill in the art 

A second plurality of interconnect vias, similar to 
the first plurality of interconnect vias 46, 48, are pro- 
vided for electrically connecting the first and second 
voltage layers 28. 30 to the signal layer 32 for electri- 
cally contacting a plurality of package leads 52. The 
second plurality of interconnect vias, in the presently 
preferred embodiment, are located adjacent to an outer 
perimeter of the substrate 14 and proximate the pack- 
age leads 52. The second plurality of vias are provided 
for electhcally connecting a selected predetermined plu- 
rality of the package leads 52 to the first and second 
voltage layers 28. 30 in order to provide electrical con- 
nectivity between the package leads 52 and the IC chip 
22. The second plurality of vias are sized, shaped and 
formed similar to the first plurality of vias 46. 48 and are 
approximately 25 microns in diameter. In the preferred 
embodiment, the package 10 employs vias only for con- 
necting to the power and ground layers 30, 28 and elim- 
inates the use of signal vias entirely by restricting signal 
routing to the signal layer 32 itself. 

The package leads 52 provide electrical connectiv- 
ity between the package 10 and the electronic compo- 
nent, which is generally a printed circuit board. In a first 
presently preferred embodiment of the invention, as 
shown in Figs. 1 and 4. the package leads 52 comprise 
a ball grid array (BGA). in which solder balls are 
attached in an area array configuration on the signal 
layer 32, preferat^ly proximate the outer perimeter of the 
signal layer 32 and the package 1 0. BGAs are known to 
enable better ways to produce high pin count devices in 
a small footprint. For instance, the package 10 can be 
used to house 0.5-micron CMOS ASICs with I/O counts 
ranging from under 100 to greater than 500. Thus, it 
should oe understood by those of ordinary skill in the art 
that a variety of IC chips 22 can be housed in the pack- 
age 10. and the package 10 is not limited to housing any 
particular circuit type, such as CMOS or gallium arse- 
nide circuits. The solder balls can be constructed of a 
90% Pb - 10% Sn solder alloy. 63% Pb - 37% Sn, Tin- 
Eismuth, or other typical interconnect metallurgy A 90% 
Pb - 10% Sn solder alloy used for a BGA does not melt 
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and collapse during typical surlace mount assembly 
and provides for good attachment reliability. Further, 
90% Pb - 10% Sn solder is more fatigue-resistant than 
eutectic and near-eutectic (e.g., 62% Sn - 36% Pb - 2% 
Ag) solder. Solder balls can be ref low soldered directly 5 
to any substrate using conventional surface mount proc- 
esses. The nominal diameter of the soiderable surface 
of a solder pad used in a BGA is generally from 23 to 25 
mils or greater for a plastic BGA and 28.5 mils for a 
ceramic BGA. The difference in diameters is because w 
ceramic BGAs tend to employ a larger diameter solder 
ball (typically 35 mils for ceramic BGA, conpared to 30 
mils for plastic BGA) to give it an increased board 
mounted joint standoff height. The package 10 can also 
use low profile (1 50 micron) solder bumps or other con- 15 
ventional BGA solder balls. Bump pitch (i.e., minimum 
bunp-to-bump distance) is in the range of 0.5 to 1.5 
mm. Solder bunps can be ref low-soldered to ordinary 
FR-4 printed circuit boards, using standard pick-and- 
place assembly equipment and !R energy, vapor phase, 20 
or hot-gas soldering techniques. 

The plastic BGA solder joint has a 1 79°C to 1 83°C 
soiidus (melt temperature) and collapses approximately 
10 mils during ref low. The collapsing ball, along with sol- 
der paste applied to the electronic component (i.e..the 25 
RGB) prior to package 10 placement for surface-mount 
assembly, accommodates for some package warpage 
associated with the PBGA. Current Jedec standards 
prescribe BGA coplanarity to be 0. 1 5 mm (5.91 mils) or 
better in the registration for ceramic or plastic BGAs. 30 
The forgiveness of a collapsing joint is not necessary in 
the case of a CBGA. where the flatness of the ceramic 
body Is usually well within the Jedec guideline. Besides 
providing an electrical connection to the electronic com- 
ponent, BGA solder joints are the complete means of 3S 
mechanical attachment. The an^ay of balls on the BGA 
package 10 ultimately absorbs all the differential ther- 
mal expansions between the package 10 and the elec* 
tronic component during application 0I thermal-cycling 
temperature excursions. The differential expansions are 40 
the result of dissimilar package 10 and electronic com- 
ponent (PCB) material coefficients of thermal expansion 
and temperature gradients within the package 1 0. For a 
plastic BGA, the material that is the main source of mis- 
match is the silicon IC 22 itself, which has an expansion 45 
coefficient almost an order of magnitude lower than 
most of the other materials that make up the package, 
such as BT/glass, PBGA substrate, mold compound, 
FR-4/glass, copper and solder. For that reason, the sol- 
der joints under the die or circuit exhibit the most strain so 
and have been shown to fail first in thermal cycling Sol- 
der joint reliability is also proportional to the die size 
The source of the expansion mismatch for a ceramic 
BGA is the ceramic body itself, which has about one- 
quarter to one-half the expansion coefficient of the typi- 55 
cal printed circuit board onto which it is mounted. On the 
ceramic BGA. solder joint failure occurs first on joints 
that are farthest away from the package center. 

The present invention provides package enhance- 



ments which lessen the effect of the silicon mismatch in 
conventional plastic BGA packages and reduce the sol- 
der joint fatigue in ceramic BGA packages without 
increasing the stand-off height of the solder bumps. The 
cavity down design eliminates the possibility of solder 
balls under the die. Special high lead solder bumps or 
columns are not required because CTE mismatch 
stresses are relieved by the selection of substrate mate- 
rial with a CTE closer to the printed circuit board. This 
allows for a low stress package to board interface and 
virtually eliminates the possibility of solder-attached 
cracking failures, which are typical problems caused by 
CTE mismatches between the substrate 14 and the 
printed circuit board. This allows the package 10 to be 
used for larger die than conventional plastic BGA pack- 
ages and larger package sizes than ceramic. 

In a second preferred embodiment, the package 
leads 52 comprise a land grid array. As shown in Fig. 8. 
a land grid array is similar to a ball grid array except that 
interconnection between the package 1 0 and the elec- 
tronic component are provided by sockets, elastomeric 
connectors, or other methods, instead of by reflowed 
solder balls. 

The layout of the package leads 52 are not con- 
strained by the package 10 of the present invention and 
can be optimally configured for reliable performance 
and assembly yield. For instance, contact pads can be 
spaced 50 mils (1 .27mm) apart or closer. 

The packaging material is also an important factor 
in heat dissipation. Since high performance ICs dissi- 
pate a significant amount of power, the package has to 
supply a good thermal path to remove the heat gener- 
ated. Excess temperature of the IC can degrade circuit 
electrical performance or cause premature failure of the 
IC or package. The poor heat transfer characteristic of 
most plastics limit heat dissipation. Ceramic has better 
heat transfer than the plastic packages, but is not as 
conductive as many of the substrate choices available 
to package 1 0. The package 1 0 of the present invention 
allows for significant thermal dissipation by employing a 
material for the substrate 14 which conducts heat, such 
as copper, copper (20%)-invar (60%)-copper(20%), 
copper (20%)-molybdenum(60%)-oopper(20%), alumi- 
num, alumina, aluminum nitride, silicon carbide, mullite, 
cordierite. invar (100%). molylxienum, silicon, or like 
materials. If required to provide additional surface area 
to a heat sink, substrate 14 can exceed the area of the 
signal area. An example of this construction is shown in 
Figure 9. 

In a preferred embodiment, the substrate 14 com- 
prises a thermal spreader and because the IC chip 22 is 
attached directly to the substrate 14. preferably by the 
thin thermally conductive thermoplastic adhesive 24. 
heat generated by the IC chip 22 travels away from the 
chip 22 through the substrate 14. In the presently pre- 
ferred embodiment, the thermal spreader is constructed 
of copper because copper is CTE matched to the 
printed circuit board while providing excellent heat dissi- 
pation. Further, a heat sink could be attached to the 
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package 1 0 to enhance heat dissipation. 

Alternatively, since differences in CTE between the 
IC chip 22 and the substrate 14 can cause enormous 
shear forces, which lead to cracking of the die. the 
material of the substrate 14 can be chosen so thai the 5 
CTE of the substrate 1 4 approximates the CTE of the IC 
chip 22. such as aluminum nitride, silicon carbide, mul- 
lite. cordierlte, silicon, or like materials. Alternatively, the 
material of the substrate 1 4 can be chosen such that the 
CTE of the substrate 1 4 is intermediate to the value of io 
the CTE of the electronic component and the CTE of the 
IC chip 22. (e.g., copper (207o)-invar (60%)-cop- 
per(20%). copper (20%)-molybdenum(60%)-cop- 
per(20%) or like materials) Further, in addition to 
providing thermal dissipation, a metal substrate can be is 
used as an active ground plane to suppress EMI noise. 

One of the problems with laminated packages is 
that they tend to warp when subjected to heat. In order 
to prevent warping, as shown in Figs. 4-6, the conduc- 
tive layers 28, 30, 32 can be fabricated on a stiffener 2o 
ring 54 prior to being attached to the substrate 14. The 
stiffener ring 54 can be constructed from a material 
which has a high flex modulus, such as copper, copper 
(20%)-invar (60%)-copper(20%). copper (20%)-molyb- 
denum(60%)-copper(20%) aluminum, alumina, alumi- 25 
num nitride, silicone carbide, mullite, cordierite. invar 
(100%), molybdenum, silicon, or like materials and is 
preferably the same composition of the substrate 14. 

From the foregoing description, it can be seen that 
the preferred embodiments of the invention comprise an so 
integrated circuit package 10 which exhibits excellent 
electrical performance characteristics. The integrated 
circuit package 10 is ideally suited for housing high I/O 
count IC chips which operate at high frequencies. The 
package 10 minimizes lead and total package induct- 35 
ance. as well as provides significant decoupling capaci- 
tance. In addition, the package 10 provides excellent 
thermal dissipation. Package 10 reliability is very good 
due to the ability to match the package CTE to the IC 
chip 22 CTE. Moreover, it is clear that packages 10 40 
according to the present invention may be fabricated 
using a variety of I/O methodologies (e.g.. ball grid 
array, land grid array) and accordingly, the present 
invention should not be specifically limited to any partic- 
ular I/O type package. 45 

It will be appreciated that changes and modifica- 
tions may be made to the above described embodi- 
ments without departing from the inventive concept 
thereof. Therefore, it is understood that the present 
invention is not limited to the particular embodiment dis- so 
closed, but is intended to include all modifications and 
changes which are witnin the scope and spirit of the 
invention as defined by the appended claims. 

Claims ss 

1 . An integrated circuit package for housing an inte- 
grated circuit chip and fo' providing electrical con- 
nectivity of data signals and voltage signals 



between the integrated circuit chip and an elec- 
tronic component, the package comprising: 

a carrier substrate having a first surface includ- 
ing a die attach region and a signal layer 
region; 

an integrated circuit chip affixed to the die 
attach region, the integrated circuit chip includ- 
ing a plurality of bonding pads; 
at least three conductive layers on the signal 
layer region of the substrate for conducting 
electrical signals, the conductive layers com- 
prising a single signal layer, at least a first volt- 
age layer for providing a first reference voltage 
signal to the integrated circuit chip and a sec- 
ond voltage layer for providing a second refer- 
ence voltage signal to the integrated circuit 
chip, the first voltage layer comprising a refer- 
ence ground layer adjacent to the substrate for 
providing a ground signal to the integrated cir- 
cuit chip and the second voltage layer compris- 
ing a reference voltage layer closely coupled to 
the reference ground layer thereby providing a 
decoupling capacitance of at least 0.05 nF/cm^ 
therebetween; 

a plurality of bond wires having a predeter- 
mined length, each bond wire electrically con- 
necting a single bonding pad of the integrated 
circuit chip to a single bonding pad of the signal 
layer, each bond wire being disposed substan- 
tially parallel one to each other to route all of 
the data signals on the single signal layer to 
minimize the length of the bond wires, the bond 
wire inductance being in a range from about 
less than 1 nH to about greater than 0.25 nH; 
at least first and second dielectric layers, the at 
least first dielectric layer being disposed 
between the first and second voltage layers, 
and the at least second dielectric layer being 
disposed between the second voltage layer 
and the signal layer; and 
a plurality of electrical connections for irrtercon- 
necting the chip bonding pads with the elec- 
tronic component by way of at least one of the 
conductive layers for conducting electrical sig- 
nals therebetween. 

2. An integrated circuit package for housing an inte- 
grated circuit chip and providing electrical connec- 
tivity of data signals and voltage signals between 
the integrated circuit chip and an electronic compo- 
nent, the package comprising: 

a carrier substrate having a first surface includ- 
ing a die attach region and a signal layer 

region; 

an integrated circuit chip affixed to the die 
attach region, the integrated circuit chip includ- 
ing a plurality of bonding pads; 
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at least three conductive layers on the signal 
layer region of the substrate for conducting 
electrical signals, the conductive layers com- 
prising at least a first voltage layer adjacent to 
the substrate for providing a first reference volt- 5 
age signal to the Integrated circuit chip, a sec- 
ond voltage layer for providing a second 
reference voltage signal to the integrated circuit 
chip, and a single signal layer, the first voltage 
layer comprising a reference ground layer adja- ;o 
cent to the sttostrate for providing a ground sig- 
nal to the integrated circuit chip and the second 
voltage layer comprising a reference voltage 
layer closely coupled to the reference ground 
layer thereby providing a predetermined signif- is 
leant level of decoupling capacitance therebe- 
tween; 

a plurality of bond wires having a predeter- 
mined length, each bond wire electrically con- 
necting a single bonding pad of the integrated 20 
circuit chip to a single bonding pad of the signal 
layer, each bond wire being disposed parallel 
one to each other to route all of the data signals 
on the single signal layer to minimize the length 
of the bond wires, the bond wire Inductance 25 
being in a range from about less than 1 nH to 
about greater than 0.25 nH; 
at least first and second dielectric layers, the at 
least first dielectric layer being disposed 
between the first and second voltage layers, 30 
and the at least second dielectric layer being 
disposed between the second voltage layer 
and the signal layer, wherein the second die- 
lectric layer comprises at least in part cyanate 
ester impregnated expanded polytetrafluor- 35 
oethylene; and 

a plurality of electrical connections for intercon- 
necting the chip bonding pads with the elec- 
tronic component by way of at least one of the 
conductive layers for conducting electrical sig- 40 
nals therebetween. 



at least three conductive layers on the signal 
layer region of the substrate for conducting 
electrical signals, the conductive layers com- 
prising: 

a) a single signal layer having a plurality of 
signal bonding pads and signal traces, the 
single signal layer routing all of the data 
signals to and from the integrated circuit 
chip, the single signal layer using high den- 
sity routing and tracing of the data signals; 

b) at least a first voltage layer for providing 
a first reference voltage signal to the inte- 
grated circuit chip; and 

c) a second voltage layer for providing a 
second reference voltage signal to the Inte- 
grated circuit chip, the first and second 
voltage layers being closely coupled to 
maximize decoupling capacitance there- 
between; 

at least first and second dielectric layers for 
separating the at least three conductive layers 
from each other; and 

a plurality of bond wires for electrically connect- 
ing the integrated circuit chip bonding pads 
with the signal bonding pads, the bond wire 
inductance being in a range from about less 
than 1 nH to about greater than 0.25 nH. 



3. A high performance integrated circuit package for 
housing an Integrated circuit chip and for providing 
electrical connectivity of data signals and voltage 45 
signals between the integrated circuit chip and an 
electronic component, the high performance Inte- 
grated circuit package permitting an Integrated cir- 
cuit chip to operate at predetermined high 
frequencies, the high performance integrated circuit so 
package comprisi ng : 



a carrier substrate having a first surface includ- 
ing a die attach region and a signal layer 
region; 55 
an integrated circuit chip having predetermined 
dimensions and being affixed to the die attach 
region, the integrated circuit chip including a 
plurality of bonding pads; 
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(54) Integrated circuit package 

(57) An integrated circuit package for housing an 
integrated circuit (10) chip and providing electrical con- 
nectivity of data signals and voltage signals between 
the iC chip and an electronic component includes a sub- 
strate, an IC chip affixed to the substrate and at least 
three conductive layers on the substrate. The three con- 
ductive layers include at least a first voltage layer adja- 
cent to the substrate for providing a first reference 
voltage signal (i.e.. ground) to the IC chip, a second volt- 
age layer for providing a second reference voltage sig- 
nal (i.e.. power) to the IC chip, and a signal layer. To 

FIG. 2 



maximize speed and minimize complexing all of ttie 
data signals to the 10 chip are routed on the signal layer. 
The power and ground layers are closely coupled and 
separated by a dielectric layer having a relatively high 
dielectric constant for providing significant decoMpIing 
capacitance. A low dielectric layer is provided for sepa- 
rating the power layer from the signal layer. A plurality of 
electrical connections interconnect bonding pads on the 
IC chip with the electronic component (e.g.. a PCB) by 
way of at least one of the conductive layers. 
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